Of the first 2000 incidents reported to the Australian Incident Monitoring Study, 1256 occurred in relation to general anaesthesia and 81 of the latter were first detected by blood pressure (BP) monitoring. A further 25 incidents not associated with general anaesthesia were first detected by blood pressure monitoring, giving a total of 106.
Continuous observation of cardiovascular and respiratory changes has been considered essential since the early days of general anaesthesia. The recommendation of the Australian and New Zealand College of Anaesthetists is that "the circulation must be monitored at frequent and clinically appropriate intervals by ... measurement of the arterial blood pressure", I and this is echoed by the "International Standards for a Safe Practice of Anaesthesia" which state "Arterial blood pressure should be determined ... at least every five minutes, and ... continual registration of arterial pressure is encouraged in appropriate cases?' 2 Blood pressure monitoring in anaesthesia may be useful in two respects: to observe trends in order to titrate anaesthetic drugs and determine fluid manage-ment, and to provide a warning of unexpected incidents manifesting as hypoor hypertension, which could affect patient safety. Few would dispute the former role. This paper looks at the usefulness of blood pressure monitoring in the latter role (i.e. in the detection of incidents). Originally, anaesthetists used manual sphygmomanometry. The introduction of transducers made invasive arterial monitoring feasible but, initially, it was not widely used. More recently, automated noninvasive blood pressure measurement has become widespread, but its reliability has been questioned. 3 It was therefore decided to examine the applications and limitations of these three devices in clinical anaesthetic practice by analysis of the first 2000 incidents reported to the Australian Incident Monitoring Study (AIMS).
METHODS

Actual Incident Detection
Information of relevance to blood pressure monitoring was extracted from the first 2000 incidents reported to AIMS. AIMS involves the voluntary, anonymous reporting of any unintended incident which reduced, or could have reduced, the safety margin for a patient. Details of the AIMS methods are provided elsewhere in this symposium.' All incident reports were studied in which: • the reason for reporting was an unexpected change in systemic arterial pressure (BP); • a BP monitor was reported to have been the first monitor to detect an incident; • a BP monitoring device failed or provided misleading information. Also, all information of relevance to BP monitoring was extracted from the paper in this symposium in which the role of monitors in patients undergoing general anaesthesia was examined. 5
Theoretical Incident Detection
In this study a theoretical assessment was also made, using criteria arrived at by consensus, of the potential value of BP monitors in detecting all relevant incidents had each type of BP monitor been used on its own, and had each incident been allowed to evolve. 5 For this assessment it was assumed that the automated noninvasive devices and the manual cuff would be used from the time the patient arrived at the location at which induction of anaesthesia was to take place until the patient was discharged from the recovery ward. It was assumed that invasive monitoring would be used from the same time but discontinued before transfer to the recovery ward. It was assumed that the invasive method would provide a continuous display of BP and that the non-invasive methods would be used to measure the BP at 5-minute intervals. It was assumed that the "low" alarm for invasive and automated noninvasive monitoring would activate at 60 mmHg and the "high" alarm at 160 mmHg systolic. 5
RESULTS
The information of relevance to BP and BP monitoring from the 1256 incidents which occurred in association with patients undergoing general anaesthesia (GA incidents) is summarised in Figure I . Details of failures of blood pressure monitors are shown in Table I . 
Actual Incident Detection
Of the 1256 GA incidents 604 were "human detected" and 652 "monitor detected"; BP monitors detected 81 (12ITJo) of these monitor detected GA incidents (see Figure 2 , p. 536).5 Invasive monitoring accounted for 37 of these, non-invasive automated monitoring for 30, and the manual cuff for 14. There were an additional 25 incidents amongst the remaining 744 "non-GA" incidents (of the total of 2000) in which a blood pressure monitor was the first to detect an incident. All of these fell into the hypotension with vasodilation category; 13 with epidural anaesthesia (5 obstetric, 2 pain management, 2 for surgery), 8 with spinal anaesthesia, 3 with drug reactions outside the operating theatre, and 1 with infiltration of a local anaesthetic agent. Overall, BP monitors were the first to detect 106 (5ITJo) of the first 2000 incidents reported to AIMS.
Theoretical Incident Detection
Of the 1256 GA incidents it was considered that 919 would have been detected by a blood pressure monitor had one been in use and had the incident been allowed to evolve; in 915 of these cases, however, it was considered that the potential for organ damage could not have been excluded. 5 Invasive monitoring alone would not have detected all of the 919 incidents as it was defined, for the purposes of this analysis, not to have been used in the recovery area.
DISCUSSION
Actual Detection of Incidents
Of the 1256 incidents which occurred in association with general anaesthesia, 81 were first detected by blood pressure monitoring; these represent 12ITJo of all monitor detected incidents (the fourth largest group after the pulse oximeter, the capnograph and the low airway pressure alarm) (see Figure 2 , p. 536).5 However, the monitor detection rate of hypotension under general anaesthesia was only 60ITJo for the invasive method and 40 and 30ITJo respectively for the automated and manual non-invasive methods when these were in use. Of the remaining 744 incidents, 25 were first detected by a blood pressure monitor; all were cases of hypotension.
Hypotension with vasodilatation: Hypotension with vasodilatation was the most commonly reported incident involving blood pressure changes, accounting for 98 incidents overall. All cases of hypotension were classified in this category as long as they were not due primarily to anaphylaxis, hypovolaemia (i.e. with "vasoconstriction"), or to obstruction to venous return. At least one monitor of arterial pressure was FIGURE 1: The role of blood pressure monitors in patients undergoing general anaesthesia,' ranked by the number of times blood pressure monitors first detected an incident.
~ Number of incidents first detected by blood pressure monitoring.
[J Number of times this blood pressure monitor was in use. BI detected single cases of "cardiac arrest", "vaporizer off" and "total failure to ventilate". BA detected single cases of "partial failure to ventilate" and "endobronchial intubation". BM detected no single cases.
Clinical Situation
a Data extracted from the paper in this symposium on the role of monitors undergoing general anaesthesia s . b 98% of the 1256 incidents deemed applicable to the study on the role of monitors in patients undergoing general anaesthesia were classified into 60 clinical situations. For further details see the relevant paper in this symposiums. c VD: associated with vasodilation. d VC: associated with vasoconstriction. used in every case (2 in 6 incidents). Twenty-one occurred in association with epidural or spinal anaesthesia, one with local anaesthesia and 3 followed drug administration outside the operating theatre. All of these were detected with non-invasive monitors.
The 73 incidents of hypotension with vasodilatation or myocardial depression which occurred in association with general anaesthesia are summarized in Figure 1 . Invasive BP monitoring was used in 26 of the 73 and was the first means of detection in 18 (69%) of these 26. Automated non-invasive monitors were employed in a further 33 and were the first means of detection in 17 (52070) of this group. The manual cuff was the method used in 20 and first detected the incident in 6 (30070). Of the remaining 32 incidents of this type, 16 were first detected clinically, 11 by the pulse oximeter (altered waveform) and 5 by the electrocardiograph (reflex tachycardia). Further analysis of these 73 incidents showed 32 (44070) to have occurred within 10 minutes of induction and a further 18 (25070) to have been associated with the intravenous administration of either an inappropriate dose of a vasodilator (other than a "wrong drug") or to have presented as an unexpected side-effect of another drug.
Thus over two-thirds of these cases of hypotension during general anaesthesia followed induction of anaesthesia or drug administration; however these were first detected by a non-invasive BP monitor only one third to one half of the time. It is strongly recommended that invasive BP monitoring be employed whenever severe challenge to the integrity of cardiovascular function exists or is anticipated.
Hypotension with Vasoconstriction: Unexpected hypotension with evidence of vasoconstriction was the reason for 12 reports (Figure 1) . A blood pressure monitor was employed in all cases. Invasive monitoring was first to detect the incident in 2 of the 3 occasions in which it was used. Automated monitoring first detected the incident on 5 occasions of the 8 in which it was used and the manual cuff did not act as the method of detection in either of the 2 cases in which it was used. Again, invasive monitoring is recommended if a severe challenge to the cardiovascular system is anticipated.
Hypertension: Unintended hypertension was the reason for 12 reports, all but one being "severe" (in excess of 160 mmHg systolic). Invasive monitoring was used during 6 of these and was first to detect the problem in 5 (Figure 1) . Non-invasive monitoring was also the first to detect all but 1 of the incidents in which it was used.
Cardiac Arrest: The data of relevance to cardiac arrest reports is discussed in full elsewhere in this symposium. 6 There were 25 reports of cardiac arrest requiring external massage in which the arrest was the event which first alerted the anaesthetist. 5 Although these clearly involve immediate and profound hypotension, only one arrest was first detected by invasive BP monitoring, with the rest being first detected clinically (10) or by the electrocardiogram (14). However, invasive monitoring is helpful in monitoring the return of an adequate BP during resuscitation.
Bradycardia: Non-invasive blood pressure monitoring was employed in 61 of 68 bradycardia incidents, but on no occasion was first to detect the incident (Figure 1) . Of the 7 cases in which invasive pressure monitoring was being used, it was first to detect the problem in 3. Invasive BP monitoring can act as a "back-up" heart rate meter to the pulse oximeter or electrocardiograph; however, it is obvious that noninvasive methods will detect heart rate changes only while the BP is being measured.
Vaporiser setting inappropriately high, low or off: A change in the blood pressure as a consequence of an inappropriate vaporiser setting implies a considerable evolution of the incident and failure to detect the incident at an earlier time. However, it was by BP monitoring that the anaesthetist was first alerted to the problem in 8 (29070) of 29 such cases; 7 of these were hypotensive episodes (Figure 1 ). All three forms of blood pressure monitoring featured equally in the first detection of these incidents.
It is apparent that early detection of this type of incident is not occurring and that some are evolving to the point of cardiovascular depression or inadequate anaesthesia. This could be improved by the increased use of appropriate gas analysers.
Others: In 4 of the 13 cases of anaphylaxis and in 3 of the cases of air embolism a BP monitor was first to detect the incident (Figure 1) . One case each of failure to ventilate, circuit leak and endobronchial intubation was first detected by a BP monitor (out of a total of 339 such cases).
Theoretical Incident Detection
In the theoretical analysis of the 1256 GA incidents it was concluded that non-invasive BP monitoring, used on its own, would have detected 73070 and invasive monitoring 62% ( Table 2 , p. 533),5 had the incidents been allowed to evolve. In the great majority of these this detection would not, however, have been until there was potential for organ damage. The high overall detection rate is because it was considered that detection of heart rate changes would have occurred during the measurement of blood pressure, and because it was considered that BP changes would eventually occur with hypoxic incidents. The lower rate for invasive monitoring was because it was defined not to be in use in the recovery ward.
With respect to the appropriateness of the theoretical analysis it would appear that the decisions made were reasonable;5 of the 37 incidents which were defined as being detectable first by invasive arterial monitoring it was the first to detect the incident in 34 (92070) of these. These percentages were 63 and 92% for automated non-invasive and manual BP monitoring respectively (see Table 5 , p. 540).5
Limitations of BP Monitoring
Details of failure of, or misleading information from, BP monitors are presented in Table 1 . Twentyone of the reports received were accounts of arterial pressure monitoring failing or giving misleading information.
Failure of non-invasive monitoring (11 cases). There was only one report of failure when a manual cuff and pressure gauge were used. There were 6 cases in which an automated non-invasive device appeared to function correctly, but when the pressure was re-checked by a manual cuff or an arterial cannula, the readings were found to be inaccurate. Another notable deficiency encountered was that with moderate to severe hypotension, rather than being able to provide a rapid and accurate reading, the automated machine often cycled repeatedly, taking time before finally indicating a failure or inability to measure. Thus the possibility of severe hypotension should be considered wherever these machines cycle repeatedly, and the circulation should be assessed immediately by other means. Two cases of fluid overload were reported and several other patients received inappropriate drugs and/or management to "correct" a falsely low BP. One death occurred because a return to the operating theatre for bleeding was greatly delayed by apparently normal BP readings in the face of gross hypovolaemia. These reports support a previous study indicating that automated noninvasive devices may provide misleading high or low readouts in some patients. 3 Also, as the non-invasive methods do not record BP continuously, hypotensive GA incidents were first detected more than half of the Anaesthesia and Intensive Care, Vol. 27, No. 5, October, 1993 time by a monitor dependent on pulsatile peripheral flow such as the pulse oximeter or by a continuous monitor of another physiological variable (e.g. heart rate or expired carbon dioxide concentration), rather than a non-invasive BP monitor.
Failure of invasive monitoring (10 cases). These included power failure (3 cases), a failure to calibrate (3 cases), and a broken transducer (2 cases) (see Table  1 ); no morbidity was reported.
In conclusion, blood pressure monitoring will, and should, remain a valuable and essential aid to the administration of both general and regional anaesthesia. The AIMS data presented here, however, suggest that non-invasive methods frequently detect incidents late in their evolution or when there is a risk of organ damage, The non-invasive automated devices first detected only 40% of hypotensive incidents under general anaesthesia, and may give misleading information, A change in management should never be made until the BP has been independently checked, and it must be remembered that a "normal" reading does not preclude hypotension. Invasive arterial monitoring is more likely to be an early detector of blood pressure change than non-invasive monitoring, and it is recommended that anaesthetists maintain a low threshold for deciding to use an arterial line in high risk cases.
